Purpose To investigate whether wide variations are seen in the measurement techniques preferred by spine surgeons around the world to assess traumatic fracture kyphosis and vertebral body height loss (VBHL). Methods An online survey was conducted at two time points among an international community of spine trauma experts from all world regions. The first survey (TL-survey) focused on the thoracic, thoracolumbar and lumbar spine, the second survey (C-survey) on the subaxial cervical spine. Participants were asked to indicate which measurement technique(s) they used for measuring kyphosis and VBHL. Descriptive statistics, frequency analysis and the Fisher exact test were used to analyze the responses.
Introduction
A significant proportion of major trauma patients suffer spine injuries, which can contribute to disability with longterm consequences and associated health related costs. Epidemiological studies have reported annual incidences of traumatic spine fractures between 19 and 88 per 100,000 population [1, 2] . The reported annual incidence of spinal cord injured patients varies from 13.9 to 19.4 per million population in Europe, and 43.3-51.0 in North America [3] [4] [5] . In the trauma setting as well as during follow-up, different clinical and radiological parameters are taken into account by the treating surgeons as a guide to decide on treatment strategy. Clinical parameters may include patients' neurological status as a critical indicator, and injury morphology [6] [7] [8] [9] . Also radiographic measurements are crucial, including sagittal alignment (kyphosis) and the amount of vertebral body height loss (VBHL) [10] [11] [12] . Changes in the kyphotic angle may indicate the degree of instability of the injured spinal segment and progression of deformity. Increasing VBHL has the potential to contribute to and enhance this instability, which can result in changes in the treatment plan. In the thoracolumbar spine, various studies have shown a kyphotic angle of 15°-30°or VBHL of more than 50 % to be associated with instability [13] [14] [15] [16] .
Different measurement techniques have been described to assess these radiographic parameters. It is not known which specific measurement technique, or combination of techniques, is preferred by spine surgeons around the world. We hypothesize that different measurement techniques are used to assess fracture kyphosis and vertebral body height loss. The use of different techniques could result in different measurements and thereby lead to treatment variability for certain types of spine fractures [17] [18] [19] . Moreover, the use of a standardized technique would facilitate a universal language, both in research and clinical settings. Therefore, the aim of the current study is to investigate whether wide variations are seen in the measurement techniques preferred by spine surgeons around the world to assess traumatic fracture kyphosis and vertebral body height loss in both the thoracolumbar spine and the cervical spine.
Materials and methods

Study design
A cross-sectional web-based survey was conducted at two time points, with an interval of 3 months, among spine surgeons from all world regions (Asia Pacific, Europe and Sub Saharan Africa, Latin America, Middle East and North Africa, and North America).
Recruitment of participants
The recruitment of potential participants was performed through AOSpine International. As it was aimed to include a worldwide sample of surgeons experienced in spine trauma care, an international pool of 279 experts from the AOSpine and International Spinal Cord Society (ISCoS) was identified. They could only participate if they were an orthopedic-, trauma-or neurosurgeon with at least 5 years of experience in the treatment of adult spine trauma patients. Also fluency in English was required to complete the surveys. The current survey was combined with two surveys of an AOSpine project that focuses on the development of a surgeon reported outcome instrument for spine trauma patients [20, 21] .
Survey instrument
The first survey (TL-survey) focused on the measurement techniques in the thoracic (T1-T10), thoracolumbar (T11-L2) and lumbar spine (L3-L5), while the second survey (Csurvey) focused on the subaxial cervical spine (C3-C7). In the first part of both surveys, participants were asked about their professional background. In the second part, they were asked to indicate which measurement technique(s) they used to assess fracture kyphosis and VBHL. The surveyed measurement techniques were based on the previously described Radiographic Measurement Manual of the Spine Trauma Study Group [22] , and included five techniques for measuring fracture kyphosis and two methods for VBHL. Participants could indicate whether they use one specific technique, a combination of techniques, some other technique or do not measure that spinal parameter. The response option 'another technique' required a specification. At the end, free text fields were provided for any general comments. All data were recorded and analyzed anonymously.
Surveyed measurement techniques kyphosis
As shown in Fig. 1 , the five surveyed methods to measure fracture kyphosis were: (1) 'Cobb angle', from the superior endplate of the adjacent cranial vertebral body to the inferior endplate of the adjacent caudal body (bisegmental angle); (2) 'Gardner's method', using the superior endplate of the vertebral body above and inferior endplate of the fractured vertebral body (monosegmental angle); (3) 'posterior walls angle', measuring the angle between the posterior walls of the vertebral bodies above and below the injured vertebra; 4) 'adjacent endplates method', from the inferior endplate of the vertebra above and the superior endplate of the vertebra below the fracture; and (5) 'wedge angle', measuring from the superior endplate to the inferior of the injured vertebra.
Surveyed measurement techniques VBHL
The two surveyed methods for measuring VBHL were (see 
Statistical analysis
Descriptive statistics were used to analyze the characteristics of the participants. For each measurement technique, absolute and relative frequencies along with their 95 % confidence interval were calculated for the different spine regions. If a combination of techniques was indicated by an expert, each technique was counted independently. Hence, with relative frequencies being analyzed relative to the total number of participants, the sum of relative frequencies could exceed 100 %. Descriptive statistics and the Fisher exact test (significance level a = 0.05) were used to analyze any differences between the five world regions, and the influence of clinical experience (B10, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] or [20 years). 
Results
Response rate
Out of 279 invited experts, 107 (38.4 %) from 43 different countries participated in the first survey (TL-survey), and 108 (38.7 %) from 41 different countries in the second survey (C-survey). The number of experts that participated in both surveys was 64 (22.9 %). Comparable socio-demographic characteristics and results were observed between this group and the total number of participants from each survey. To have a larger number of participants TL-survey first survey focusing on the thoracic, thoracolumbar and lumbar spine C-survey second survey focusing on the subaxial cervical spine for the subanalyses, the results presented are for the total responders from each survey (n = 107 for TL-survey and n = 108 for C-survey). The socio-demographic characteristics of the participants are shown in Table 1 .
Measurement techniques
As shown in Fig. 3 and Table 2 , the Cobb method (Method 1) was the most frequently used technique for all spine regions to assess fracture kyphosis, although considerably less frequent for the subaxial cervical spine (55.6 %) compared with the other spine regions (71.0-75.7 %). Also the wedge angle (Method 5) was used by a considerable number of experts, followed by the adjacent endplates method (Method 4). The least frequently used method in the subaxial cervical spine was Gardner's method (Method 2; 4.6 %), while the posterior walls method (Method 3) in the thoracic (0.9 %), thoracolumbar (1.9 %), and lumbar spine (0.9 %). In both surveys, only one expert indicated to use another technique to assess kyphosis. These were not the same participants. In the C-survey, the other technique was 'measuring from the superior endplates of the cephalad and caudad vertebral body'. In the TL-survey, 'T2 superior endplate to T10 inferior endplate' was the other measurement technique in the thoracic spine, 'T10 superior endplate to L2 inferior endplate' in the thoracolumbar junction, and 'L3 superior endplate to sacrum superior endplate' in the lumbar spine. The results of the measurement techniques used to assess VBHL are shown in Fig. 4 and Table 3 . The majority of the experts used the VBCR (Method 1) in all spine regions (51.4-54.6 %). Compared to kyphosis, a larger proportion of participants indicated not to measure VBHL (range among spine regions: 13.0-15.9 %). No participant used a different technique to assess VBHL.
All identified combinations of techniques to assess kyphosis along with their absolute and relative frequencies are shown in Table 4 , as well as for the combination of VBCR and AVBC % for VBHL. In total, 13 combinations of measurement techniques for kyphosis were identified, Relative frequencies are shown, along with their 95 % bootstrapped confidence intervals (CI), and range among the different world regions (range, regions) and different degrees of experience (range, experience) a The total percentage exceeds 100 % as a combination of measurement techniques was indicated by some participants but the most frequently used combination for all spinal regions was the assessment of the Cobb and wedge angles. Only 3 surgeons (2.8 %) indicated to use a combination of VBCR and AVBC % to assess VBHL.
Regional differences
Analysis of the responses according to each world region showed that fracture kyphosis was most frequently assessed using the Cobb method. It was remarkable that for the subaxial cervical spine, the adjacent endplates method was considerably more often used by North American participants (47. na not applicable a The total percentage exceeds 100 % as a combination of measurement techniques was indicated by some participants Compared to fracture kyphosis, more regional variations were seen in the responses to VBHL. The VBCR method was more frequently used for the subaxial cervical spine by participants from all world regions, except for Latin American participants using more often the AVBC % method (53.6 vs. 42.9 %). Moreover, a wide range was observed for VBCR method (42.9-83.3 %; p = 0.169). Significant regional differences were seen for AVBC % method (17.9-53.6 %; p = 0.047), and for not measuring VBHL (0.0-25.0 %; p = 0.044). Also in the thoracic, thoracolumbar and lumbar spine, the VBCR method seemed to be more frequently used than the AVBC % method, except for Middle East/North Africa using the latter more frequently in the thoracolumbar and lumbar spine (both 50 vs. 40 %).
Influence of experience
Fewer differences were observed when taking the spine surgeons' degree of clinical experience into account. Regardless of the experience, most surgeons used the Cobb method to assess kyphosis in all spine regions. In the subaxial cervical spine, some variations were seen for the adjacent endplates method (6.3-28.2 %; p = 0.043) and the wedge angle method (10.8-31.3 %; p = 0.113).
Concerning the measurement techniques to assess VBHL in the subaxial cervical spine, the VBCR method was used by most surgeons in all subgroups of clinical experience. More variation was observed for the measurement techniques in the thoracic, thoracolumbar and lumbar spine, with the only significant differences for using the VBCR method in the thoracolumbar junction (40.4-66.7 %; p = 0.049) and lumbar spine (38.5-66.7 %; p = 0.031).
Comments
No general comments concerning the measurement techniques were provided by the participants.
Discussion
To the best of our knowledge, this is the first study exploring the measurement techniques preferred by a worldwide sample of spine trauma experts to assess traumatic fracture kyphosis and vertebral body height loss. In the only previous study performed by the Spine Trauma Study Group, a small number of 35 member surgeons were surveyed on the methods used for assessing kyphosis [23] . However, the main objective of that study was to provide an updated definition of post-traumatic kyphosis, and methods for diagnosis and treatment of post-traumatic kyphosis, rather than to survey the preferred method to measure fracture kyphosis.
Including 107 spine surgeons from 43 different countries in the first survey (TL survey), and 108 from 41 different countries in the second survey (C-survey), the results from this study are considered as a valid reflection of the current practice in spine trauma care worldwide. The most frequently indicated technique to assess fracture kyphosis was measuring the Cobb angle (Method 1), followed by the wedge angle (Method 5). Kuklo et al. investigated the inter-and intra-rater reliability of the same five measurement techniques for kyphosis as we surveyed, and concluded that the Cobb method showed the best intraand inter-observer reliability, followed by the wedge angle [24] . Also in the aforementioned survey by the Spine Trauma Study Group [23] , the same Cobb angle was reported to be most useful in measuring kyphosis. One other study investigated the influence of experience on reproducibility of kyphosis measurement among physicians with different degrees of experience [25] . This study found the methods not taking the fractured vertebra into account to be the most reproducible. These methods are the same as Method 1 (Cobb angle) and Method 4 (adjacent endplates method) in the current study. The posterior walls angle method (Method 3) was least frequently used. With this method, the exact location of the vertebral body may be difficult to establish. No 'gold standard' or 'true value' exists for measuring kyphosis or VBHL, but the aforementioned studies demonstrate the most satisfactory results for the Cobb angle to assess fracture kyphosis. Compared to the other measurement techniques surveyed in the current study, a larger area over which to measure is included when using this bisegmental measurement method. The potential advantages are the minimization of differences between measurements as well as the recognition of the degree of instability of the injured spinal segment.
It is worth mentioning that many studies investigating kyphosis measurement techniques only focus on the thoracic and lumbar spine [23] [24] [25] [26] . Moreover, those studies were performed in a single center or small group setting, which makes them subjective to bias and less representative for a worldwide perspective. We investigated the preferred measurement techniques for the entire spinal column, except for the occipitocervical junction (C0-C2). The anatomy and biomechanical properties of this spine region are substantially different compared to the other regions. Very specific and useful measurement techniques for this spine region have been described in the Radiographic Measurement Manual of the Spine Trauma Study Group [22] .
Concerning vertebral body height loss, the VBCR method was most frequently used by the surveyed experts. This is a useful method to assess the structural integrity of the fractured vertebral body, specifically, that of the anterior and middle columns of the injured vertebra. Interestingly, based on the results of a systematic literature review, the Spine Trauma Study Group recommended to routinely use the AVBC % method to assess VBHL [26] . We think that additional reliability studies are needed to substantiate such recommendations.
We do recognize several limitations of this study. First, the survey was incorporated in two other planned surveys and therefore sent on two separate occasions. This may have led to some bias when comparing the results from the two occasions. Second, the surveys were sent to a selected pool of spine surgeons. However, we believe we were able to reach a representative international sample of highly experienced spine trauma experts.
In conclusion, this study identified worldwide variations in measurement techniques preferred by treating spine surgeons to assess fracture kyphosis and vertebral body height loss in spine trauma patients. These results confirm our hypothesis that a standardized technique is currently not employed. For clinical purposes, and to provide meaningful comparisons among study reports, it is recommended to use validated tools and standardized assessment parameters. The AOSpine Knowledge Forum Trauma endorses the use of universal methods and techniques, and initiated projects to develop classification systems for spine injuries, as well as disease-specific outcome instruments for spine trauma patients [27] . The results obtained from the current study establish the importance of standardization of assessment parameters in spine trauma care, and can be taken into account to further investigate these radiographic parameters in the process toward a universal language.
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